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Abstract
The LHC magnet system operates in a bath of
superfluid helium at a temperature of 1.9 K. It is formed
by welding together constituent cold masses, surrounded
by an insulating vacuum enclosure, in eight continuous
3 km long arcs. It is obvious that this large system will be
extremely difficult to repair and practically impossible to
change, so a great deal of work is being put into making it
sufficiently precise, robust and flexible that it will cover
all the requirements for satisfactory operation. The
purpose of this session was to raise the level of awareness
of the characteristics of the magnet system and the closely
related cryogenics and power converters, and in particular
the issues of field quality in the main dipoles during the
initial period of commissioning.
1  ACCELERATOR PHYSICS
REQUIREMENTS AT COMMISSIONING
It is not practicable to build superconducting magnets
having sufficiently good field quality that they can be
used over the whole range of operation of the LHC, from
injection through ramping to flat top, without the use of
correction magnets. In particular, the requirements
regarding field in the main dipole magnets will be
achieved through a combination of strict quality control
during manufacture, and a targeted correction based on
information derived from the magnetic measurements [1].
The manufacturing control is necessary to ensure a
correctable level of multipole content and uniformity
throughout production.
With regard to the initial commissioning we seek
minimum requirements to get the beam to circulate,
translating orbit, tune and chromaticity levels into
systematic and random tolerances on b1, b2 and higher
order multipoles. This initial operation based on dead-
reckoning will have to be followed by refining the
corrections, so the LHC has several independent
correction systems that will be visible as "knobs" from the
control room. The correction circuits have specific
functions, strength limitations and time constants.
2  FIELD QUALITY
IN LHC MAIN RING MAGNETS
Superconducting magnets differ from resistive magnets
in that the hysteresis and eddy current effects are mainly
due to currents which, in addition to the main “transport”
current, flow within the cables and strands [2]. Low field
magnetization coming from hysteresis due to persistent
currents within the strands affects current overshoot and
undershoot. Coupling currents in the superconducting
cables influence reproducibility of the field decay (snap-
back) at the start of the ramp. It is necessary to pre-cycle
the magnets in order to control these effects. For the
initial commissioning it may be advantageous to operate
with a demagnetization cycle, but in the longer term better
performance may be achieved with a pre-cycle leading to
smaller values of snap-back.
3  STEERING FIELD AND CURRENT IN
THE LHC MAGNETS
The four operating phases of the machine, namely




call for specific powering cycles of the main ring and
corrector magnets. These have been defined on the basis
of measurements made on the dipole prototypes, and will
be refined as more statistics is built up during the
measurement campaign [3]. Particular attention must be
paid to the critical phases i.e. at the end of injection and at
the start of the energy ramp. The magnetic measurements
will also provide the input for the so-called “multipole
factory" which predicts the corrector strengths required at
any moment, both as a function of field and of the
relevant history of critical parameters. This information
will be supplemented with that which can be gleaned from
observed beam parameters, as it becomes available, in
order to values improve the corrections.
4  MAGNET QUENCH PROCESS
A transition to the resistive state ("quenching") of the
cable can be provoked either internally, by powering
above the maximum allowable current or subjecting the
magnet to too high a ramp rate, or externally, through
beam loss [3]. Moreover, due to the very low specific heat
of the superconductor at 1.9 K, satisfactory operation calls
for tight control of thermal, mechanical and cryogenic
operating conditions. Prior to the measurements the
magnets are "trained", a process whereby microscopic
mechanical stress concentrations are released through
deliberate quenching of the magnet. One aim of the
production quality control is to reduce to a minimum the
number of training quenches required, and to make
magnets such that once trained they don't need to be
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retrained after a heat cycle. In order to spread the release
of stored energy throughout the coil in case of quench,
heaters are fired upon its detection. As the magnets are
excited in series the protection system must
simultaneously put off the power converters and discharge
the rest of the circuit into an external resistive load. Major
damage may occur if the protection system doesn’t work
properly, highlighting the importance of built-in reliability
and redundancy.
5  POWER CONVERTERS
A description was given of how the power converters
are able to provide current to give the required field at any
moment of the operating cycle [5]. The report dealt in
particular with the approaches used to solve the problems
of overshoot and undershoot, the definition of power
converter resolution, and achieving the set values of the
main field. The problems appear to be well understood,
and the use of quality DCCTs and 20-bit DACs should
ensure that the power converters are never the limiting
factor in the achieving the required precision of the
magnetic fields.
6  CRYOGENICS
A description was given of the response of the
cryogenic system during the operating cycle of machine
operation: injection, through ramp and during coast [6].
Whereas the turn-around time for making a new ramp
should not be limited by the cryogenic system, the time
taken for the recovery process after the quench of one or
several magnets will be several hours. The temperature of
a representative number of cold masses will monitored for
cryogenic system purposes, and as magnetization depends
on the temperature of the conductor, this information
could also provide useful input for the multipole factory.
7  CONCLUSION
The "multipole factory" which is being set up will
provide a set of corrector values that should allow to get a
beam to circulate sufficiently well, by dead-reckoning,
that the beam instrumentation system can take over. The
BI system will then provide measures of "observables"
upon which it will be possible to refine the settings. If all
the magnets are measured, it is estimated that the forecast
for the corrector settings should be 80 % good. If there is
not time to measure all the magnets cold, the downgrading
of this estimate will depend on the correlation between the
warm measurements in the factories and the cold
measurements.  It was pointed out that even with
accelerators using resistive, iron-dominated magnets, pre-
cycling is of vital importance for satisfactory operation, so
the pre-cycling requirement comes as no surprise. Every
effort should be made to avoid quenching the magnets, as
this will lead to long delays both because of the time
required for to recover to the correct operating
temperature and for the magnet cycling.
The session gave rise to lively discussions, a summary
of which is also contained in these proceedings [7].
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